Introduction
Studies on physiology, biology and ecology of a plant species are very important for understanding its management practices and possible usages. Rhizomatous weeds are the most difficult to control due to their vegetative reproduction by underground propagules. Rhizomes or/and tubers of a plant species remain dormant in different soil layers for several years, which is one of the factors for surviving of the species. Torpedograss (Panicum repens L.), a rhizomatous perennial plant, grows in tropical and subtropical regions (lat 35 S to 43 N) around the world. It is a severe weed in various crop fields, orchards and golf courses, which reduces plant-yield up to 80%. No crop fields and golf courses in Ryukyu island (Okinawa, Japan) are free from torpedograss infestation, specially sugarcane, the main crop in Okinawa covering 50% of cultivable lands, is severely infested with this weed. No comprehensive control strategy of torpedograss has yet been established in the world. This paper presents physiological and ecological characteristics, and control strategies of torpedograss in sugarcane field and turf in Ryukyu island. In addition, possible usages of torpedograss have been discussed based on biological and ecological aspects of this plant.
Results and Discussion
Germination/emergence and growth characteristics of torpedograss: Torpedograss regenerated mainly by rhizomes and to some extent by stems, but not by seeds. Germination of the rhizome-buds of torpedograss was 100% at the temperature range of 20-35C, and the germination was not observed at the extreme low and high temperature of <5C and >45C, respectively. Torpedograss emerged from the rhizomes at up to 50 cm depth ( Fig. 1) . About 95% of the emerged shoot was recorded 60 days after land preparation. Reduction of moisture in rhizome from 66% to 7% resulted in 0% bud sprouting.
Above ground shoots and rhizomes grew slowly until 50 days after planting (DAP). Torpedograss shoot grew up to 150 cm in height in a field condition. Growth and development of rhizome were always faster than that of aboveground shoot. Rhizomes and roots made a loose mat-like structure into soil u to 50 cm deep. One plant from a single rhizome-bud produced about 24000 rhizome buds and covered 9m in a year. Total biomass production increased with time in spite of decrease in temperature. Three growth phases were identified: establishment growth phase (up to 70 DAP), moderate growth phase (70-1 10 DAP) and fast growth phase (110 DAP to last harvest) (Fig. 2) . Creeping rhizome and ginger-like rhizome were classified. The creeping rhizome had internodes with a hollow medullary cavity, and each node had a single bud; and the ginger-like rhizomes were solid and each ginger-like rhizome had many buds. Ginger-like rhizomes developed from the shoot base, and creeping rhizomes developed from the ginger-like rhizome. Creeping rhizome elongated more than 6 m, and each ginger-like rhizome grew 2-30 g. Rhizome distributed up to 15 cm depth in golf course, whereas it distributed up to 50 cm depth in cultivated field.
Shoot and rhizome biomass of torpedograss increased rapidly at the temperature range of 22-29C. An established torpedograss survived well at 50C.
Torpedograss grew well with a soil pH range of 4-10, and it also grew well on seashore areas where most grass species failed due to high salt concentration. Root crown, spike-like tillers and sheath-like leaf blades were observed in the plants grown in standing water. Higher shoot biomass and lower rhizome biomass were obtained in standing water treated plants than that in control (untreated) plants (Fig.  3 ). Fresh rhizomes contained 54-66% water, and the dried rhizome regained water up to 50% when adequate water was supplied. Torpedograss grown for 90 days obtained a significant higher biomass with the 200-400 kg al/ha N than the biomass obtained with the fertilizer applied at a lower rate. The agronomic efficiency of 400 kg al/ha N was less than half of the agronomic efficiency with the 200 kg ai/ha N. The agronomic efficiency of N was very low during 60 days after planting. Torpedograss was harvested 6-7 times with a yield of 6-10 ton/ha each harvest in a year by applying N fertilizer at 100 kg ai/ha after each harvest (Fig. 4 ).
Mechanical and manual control of torpdograss in sugarcane: Moldboard plowing followed by two cross-passes with a rototiller at a 40-day interval before sugarcane plantation reduced weed infestation. Torpeodograss reduced sugarcane yield by 65-80%, and sugarcane reduced weed biomass by 25-56%. In an artificial infested plant sugarcane (first season) field, no regrowth of torpedograss (TG) was observed until harvest when weeding was done 45 days after planting (DAP); regrowth observed, however, in the fields weeded at 60 DAP or later. Some rhizome segments remained in soil after weeding at 60 DAP or later, which resulted in regrowth of torpedograss shoots. Total weed biomass was very few in the fields weeded at 45 DAP, whereas the weed biomass was 40 tol90 times greater in the fields weeded at 60 DAP.or later (Table 1) . Decreasing yield of sugarcane was recognized as weeding was delayed; and this decreased rate was recorded as 0.9-1.5 % per day during 45-90 DAP.
In the ratoon sugarcane period, no regrowth of TG was observed in the fields weeded at 45 DAP, and this resulted in two fold higher yield than that in the fields weeded at 60 DAP or later (Table 1) . Torpedograss should be controlled within 45 DAP in the plant sugarcane period for lower weed infestation and higher yield in both plant and ratoon sugarcane. Proper weed control in the first sugarcane season could result ratoon for several times. #, 0= no effect-100= complete killing.
Chemical control strategies of torpedograss in sugarcane: Among the 27 different herbicides tested on torpedograss in a field, asulam (2.0-4.0 kg ai/ha), bialaphos (1.5-3.0 kg ai/ha), glufosinate (1.5-3.0kg ai/ha), glyphosate (1.5-3.0 kg ai/ha) and hexazinon (5-10kg ai/ha) effectively controlled torpedograss shoots and rhizomes (Table 2 ). Asulam at 2-4 kg ai/ha applied 20, 40, 60 or 80 DAP controlled 100% of torpedograss shoots in sugarcane in pot and field experiments (Table 3) . Regrowth of torpedograss was not observed in pot experiment when asulam was applied within 40 DAP because no new rhizomes developed during this period. In the pot experiment, regrowth level of <25 and >75% was found when asulam was applied at 60 and 80 DAP, respectively because mature rhizome buds survived in a larger number than younger rhizome buds. In a natural infested field, asulam applied 20. 40, 60 or 80 DAP showed the regrowth level of >75, 51-75, 1-25 or 26-50%, respectively (Table 3) . Regrowth level was the highest in the fields with asulam applied at 20 DAP, because most of the existing rhizomes remained unemerged in soil during this period were not affected with the herbicide. Regrowth level was the lowest in the fields with asulam applied 60 DAP, because most of the existing rhizomes completed emergence during this period and were killed by the herbicide. Furthermore, the regrowth was higher in 80 DAP-applied fields than in 60-DAP applied fields because the new rhizomes developing within 80 DAP survived more after asulam application. Asulam at 4 kg ai/ha applied 20 DAP had injury effects on sugarcane, while 2-3 kg ai/ha of the asulam had no injury effects (Table 3 ). Asulam at 2-3 kg ai/ha applied within 60 DAP resulted in a remarkabe higher sugarcane yield than that applied 80 DAP. Asulam at 3 kg ai/ha applied three times at a 40-day interval starting 40 days after land preparation provided excellent control of torpedograss in sugarcane fields (Fig. 5) . DAP, days after planting; S. only sugarcane; S+T, sugarcane and torpedograss; #, 0=no effect-100= complete killing; regrowth (%)=(Number of shoots emerging after herbicide application/Number of shoots at time of herbicide application) X 100; Hna, herbicide not applied; -, experiment not conducted; Rnf, regrowth not found. Torpedograss control in turf Asulam or asulam plus flazasulfuron controlled torpedograss shoot by 100% and rhizome-bud by 72-89% (Table 4) . Asulam plus flazasulfuron resulted in up to 15% higher efficacy in rhizome control than asulam alone. Asulam plus flazasulfuron controlled torpedograss shoots 7 days earlier than asulam applied alone. Torpedograss regrowth was reduced significantly in a similar level with all the herbicide treatments except flazasulfuron alone, however asulam plus flazasulfuron resulted in up to 33% lower regrowth than asulam alone. A slight injury (5.7-8.3%) symptom (yellowish) appeared on manilagrass (Zoysia mairella (L.) Merr.) turf for a few days, but it disappeared rapidly where asulam or asulam plus flazasulfuron applied. Asulam and asulam plus flazasulfuron combinations controlled tropedograss effectively and similarly, but the lowest rate of asulm at 2 kg ai/ha plus flazasulfuron at 0.1 kg ai/ha caused the lowest turf injury (5.7%), which could be the best combination for torpeodograss control in manilagarss turf (Table 4) . Length of stem internode of torpedograss-shoot from soil surface to turfgrass surface was around 0.2-2.5cm, and one stem had around 5-10 internodes, thereby herbicide had to pass many nodes. It was assumed that herbicide could not reach to the each rhizome bud, which resulted in higher rhizome survival in golf course. In addition, rhizomes remained undisturbed in golf course and therefore, herbicide was less effective in controlling rhizomes in golf course than in a crop field. Many ginger-like rhizomes established individually in golf course, therefore herbicides did not pass to those rhizomes, which did not develop shoots. Ginger-like rhizome had many buds, which may had individual xylem and phloem system. Therefore, herbicide controlled only the sprouted buds, and herbicide could not move from sprouted buds to un-sprouted buds of a ginger-like rhizome, which resulted in survival of some buds on the same ginger-like rhizome.
Rhizomes of torpedograss were aged and undisturbed, and many ginger-like rhizomes developed in golf course, which were not completely controlled with a single application of herbicide. Sequential applications of herbicide at around a 45-day interval should be required until torpedograss regrowth. is found in golf course. Herbicide should be applied at least 4-to 5-leaf stage (around 30 days after turf mowing) of torpedograss, and turfgrass should be mowed at least 15 days after herbicide application for effective control of torpedograss.
Possible uses: Torpedograss could be a good pasture because it is palatable for horse, cattle and goat. Torpedograss pasture can be harvested 6-7 times in a year with a yield of 6-10 ton/ha each harvest (Fig. 4) . This plant could be used for soil erosion control, because huge shoots, rhizomes and roots hold the soil compactly (Fig.  6 ). Root and rhizome system can prevent the pond and dam edges from eroding. Torpedograss grows with a large soil pH range of 4-10 and a large temperature range of 15-50C. This plant uptakes water from 150 cm soil layer and rhizomes hold water. This plant is resistant to drought, standing water and high salt concentration. Therefore, torpedograss can provide green vegetation in coastal, arid, semiarid and desert areas where very few plants grow. #, 0=no effect =100=complete killing; tregrowth (%)=(Number of shoots emerging after herbicide application/Number of shoots at time of herbicide application) X 100; injury level is expressed as percent shoot discoloration compared with the untreated check. DAT, days after treatment; CR, creeping rhizome; GR, ginger-like rhizome;-, data not recorded.
